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1 
FERTILE TRANSGENIC CORN PLANTS 


This application is a division of U.S. patent application 
Ser. No. 08/677,695,.filed Jul. 10, 1996, which is a continu- 
ation of U.S. patent application Ser. No. 07/974,379, filed 
Nov. 10, 1992, now U.S. Pat. No. 5,538,877, which in turn 
is a continuation of U.S. patent application Ser. No. 07/467, 

983, filed Jan, 22, 1990, now abandoned. 


BACKGROUND OF THE INVENTION 


_ This invention relates to fertile transgenic plants of the 
species Zea mays (oftentimes referred to herein as maize or 
corn). The invention further relates to producing transgenic 
_ plants via particle bombardment and subsequent selection 
techniques which bave been found to produce fertile trans- 
genic plants. = 

Genetic engineering of plants, which entails the isolation 
and manipulation of genetic material (usually in the form of 
DNA or RNA) and the subsequent introduction of that 


genetic material into a_plant or plant cells, offers consider- ° 


able promise to modern agriculture and plant breeding. 
Increased crop food values, higher yields, feed value, 
reduced production costs, pest resistance, stress toleraace, 
drought resistance, the production of pharmaceuticals, 
chemicals and biological molecules as well as other benefi- 
cial traits are all potentially achievable through genetic 
engineering techniques. Once a gene has been identified, 
cloned, and engineered, it is still necessary to introduce it 
into a plant of interest in such a manner that the resulting 
plant is both fertile and capable of passing tbe gene on to ils 
progeny. , 

A variety of methods have been developed and are 
currently available for the transformation of vanous plants 
and plant cells with DNA. Generally these plants have been 
dicotyledonous, and some success has been reported with 
certain of the monocotyledonous cereals. However, some 
species have heretofore proven untransformable by any 
method. Thus, previous to this discovery, no technology had 
been developed which would permit the production of stably 
transformed Zea mays plants in which the transforming 
DNA is heritable thereof. This failure in the art is well 
documented in the literature and has been discussed in a 
nurpber of recent reviews (Potrykus, 1989; Weising et al., 
1988; Cocking et al., 1987). 

European Patent Pubins. 270,356 (McCabe et al.) and 
275,069 (Arntzen et al.) describe the introduction of DNA 
into maize pollen followed by pollination of maize ears and 
formation of seeds. The plants germinated from these seeds 
are alleged to contain the introduced DNA, but there is no 
suggestion that the introduced DNA was heritable, as has 
been accomplished in the present invention. Only if the 
DNA introduced into the corn is heritable can the coro be 
used in breeding programs as required for successful com- 
mercialization of transgenic cora. 

Graves et al. (1986) claims Acrobacierlum-mediated 
transformation of Zea mays seedlings. The alleged evidence 
was based upon assays known to produce incorrect results. 

Despite extensive efforts to produce fertile transformed 
corn: plants which: transmit the transforming DNA to 


progeny, there have been no reported successes. Many 


previous failures have been based upon gene transfer to 
maize protoplasts, oftentimes denved from callus, liquid 
suspension cullure cells, or other maize cells using a variely 
of transformation techniques. Although several of the fech- 
niques have resulted in-successful transformation of com 
cells, the resulting cells either could not be regenerated into 


tt 


10 


60 


2) 
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corn plants or the corn plants produced were stenle (Rhodes 
el al. 1988) or, in some cases, il even turned oul thal the 
plants were in fact not transformed. Thus, while maize 
protoplasts and some other cells have previously been 
transformed, the resulting transformants could not be regen- 
erated into fertile transgenic plants. 

On the other hand, it bas been known that at least certain 
corn callus can be regenerated to form mature plants in a 
rather straightforward fashion and that the resulting plants 
were often fertile. However, no stable transformation of 
maize callus was ever achieved, i.e. there were no tech- 
niques developed which would permit a successful stable 
transformation of a regenerable callus. Ao example of a 
maize callus transformation technique which has been tned 
is the use of Agrobacterium mediated transfer. 

The art was thus faced with a dilemma. While 11 was 
known thal corn protoplast and suspension cullure cells 
could be transformed, no techniques were available which 
would regenerate the transformed protoplast into a fertile 
plant. While it was known thal corn callus could be regen- 
erated into a fertile plant, there were no techniques known 
which could transform the callus, particularly while not 
destroying the ability of the callus both io regenerate and to 
form fertile plants. 

Recently, a new transformation technique has been cre- 
ated based upon-the bombardment of intact cells and tissues 
with DNA-coated microprojectiles. The technique, dis- 
closed in Sanford et al. (1987) as well as in EPO Patent 
Publication 331,855 of J. C. Sanford et al. based upon US. 
Ser. No. 161,807, filed Feb. 29, 1988, has been shown 
effective at producing transient gene expression in some 
plant cells and tissues including those from onion, maize 
(Klein et al. 1988a), tobacco, rice, wheat, and soybean, and 
stable expression has been obtained in tobacco and soy- 
beans. In fact, stable expression bas been obtained by 
bombardment of suspension cultures of Zea mays Black 
Mexican Sweet (Klein et al. 1989} which cultures are, 
however, non-regenerable suspension culture cells, not the 
callus culture cells used in the process of the present 
invention. 

No protocols have been published descnbing the intro- 
duction of DNA by a bombardment technique into cultures 
of regenerable maize cells of any type. No stable expression 
of a gene has been reported by means of bombardment of 
corn callus followed by regeneration of fertile plants and no 
regenerable fertile corn has resulted from DNA-coated 
microprojectile bombardment of the suspension cultures. 
Thus, the art has failed to produce fertile transformed corn 
plants heretofore. 

A further stumbling block to the successful production of 
fertile transgenic maize plants has been im selecting those 
few transformants in such a manner that neither the regen- 
eration capacity nor the fertility of the regenerated transfor- 
mant are destroyed. Due to the generally low level of 
transformants produced by a transformation technique, the 
need for selection of the transformants is self-evident. 
However, selection generally entails the use of some loxic 
agent, e.g, herbicide or antibiotic, which can effect either the 
regenerability or the resultant plant fertility. 

It is thus an object of the present invention to produce 
fertile, stably transgenic, Zea mays plants and seeds which 
transmil the introduced gene to progeny. It is a further object 
to produce such stably transgenic plants and seeds by a 
particle bombardment and selection process which results in 
a high level of viability for a few wansformed cells. It is a 
further object to produce fertile stably transgenic plants of 
other graminaceaus cereals besides maize. 
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SUMMARY OF THE INVENTION 


_ The present invention relates io fertile transgenic Zea 
mays plants containing heterologous DNA, preferably chro- 
mosomally integrated heterologous DNA, which is bentable 
by progeny thereof. 

The invention further relates to all products denved from 
transgenic Zea mays plants, plant cells, plant parts, and 
_ seeds. oe 

The invention further relates to transgenic Zea mays seeds 
stably containing heterologous DNA and progeny which 
inberit the heterologous DNA. 

The invention further relates to a process for producing 
fertile transgenic Zea mays plants containiag heterologous 
DNA. The process is based upon muicroprojectile 
bombardment, selection, and plant regeneration techniques. 

The invention further relates to a process for producing 
fertile transformed plants of graminaccous plants other than 
Zea mays which have not been reliably transformed by 
traditional methods such as electroporation, Afrobactenum, 
injection, and previous ballistic techniques. 

The invention further relates to regenerated fertile mature 


maize plants from transformed embryogenic Ussue, trans- 6 


genic seeds produced therefrom, and Ri and subsequent 
generalions. 
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ln preferred embodiments, this invention produces the 
fertile transgenic plants by means of a DNA-coated micro- 
projectile bombardment of clumps of friable embrvogenic 
callus, followed by a controlled regimen for selection of the 
transformed callus lines. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1A shows a map of plasmid vector pHYGI]1 uuhzed 
in Example 1. | 

FIG. 1B shows the relevant part of pHTYGI1 escompass-_ 
ing the HPT coding sequence and associated regulatory 
elements. The base pair numbers start from the 5' nucleotide 
in the recognition sequence for the indicated restriction 
enzymes, beginning with the EcoRI site at the 5' end of the 
CaMV 35S promoter. . 

FIG. 2 shows a map of plasmid vector pBII221 utilized in 
Example |. . 

FIG. 3 is a Southern blot of DNA isolated from the PH1 
callus line and an untransformed control callus line. 


FIG. 4 is a Souther blot of leaf DNA isolated from Ro 
plants regenerated from PH1 and untransformed callus. 


FIG. 5 is a Southern blot of leaf DNA isolated from R1 
progeny of PH1 Ro plants and untransformed Ro. plants. 


FIG. 6 is a Southern blot of DNA isolated from the PH2 
callus line and an untransformed contro! callus line. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


The present invenlion is directed to the production of 
fertile transgenic plants and seeds of the species Zea mays 
and to the plants, plant tissues, and seeds derived from such 
transgenic plants, as well as the subsequent progeny and 
products derived therefrom. The transgenic plants produced 
herein include all plants of this species, including field corm, 
popcorn, sweet corn, flint corn and dent corn. 

“Transgenic” is used herein to include any cel}, cell line, 
callus, tissue, plant part or plant which contains heterolo- 
gous DNA that was introduced into plant maternal by a 
process of genetic engineering, or which was initially intro- 
duced into a plant species by such a process and was 
subsequently transferred to later generations by sexual or 
asexual cell crosses or cell divisions. 

By “heritable” is meant that the DNA is capable of 
transmission through a complete sexual cycle of a plant, 2-e. 
passed from one plant through its gametes to its progeny 
plants in the same manner as occurs In normal com. 

The transgenic plants of this invention may be produced 
by (i) establishing fnable embryogenic callus from the plant 
to be transformed, (ii) transforming sald cell line by a 
microprojectile bombardment technique, (iit) controllably 
identifying or selecting transformed cells, and (av) regener- 
ating fertile transgenic plants from the transformed cells. 
Some of the plants of this invention may be produced from 
the transgenic seed produced from the fertile transgenic 
planis using conventional crossbreeding techniques ‘lo 
develop commercial hybrid seed containing heterologous 
DNA. 

J. Plant Lines and Tissuc Cultures | 

The cells which have been [ound useful lo produce the 
fertile transgenic maize plants herein are those callus cells 
which are regenerable, both before and after undergoing a 
selection regimen as detailed further below. Generally, these 
cells will be derived from meristematic tissue which contain 
cells which have not yet terminally differentiated. Such 
lissue in graminaceous cereals in genera! and in maize, in 
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particular, comprise: tissues found in juvenile leaf basal 
regions, immature tassels, immature embryos, and coleop- 
tilar nodes. Preferably, immature embryos are used. Metb- 
ods of preparing and maintaining callus from such tissue and 
plant types are well known in the art and details on so doing 
are available in the literature, c.f. Phillips et al. (1988), the 
disclosure of which is bereby incorporated by reference. 

The specific callus used must be able to regenerate into a 
fertile plant. The specific regeneration capacity of particular 
callus is important to the success of the bombardment/ 
selection process used ferein because during and following 
selection, regeneration capacity may decrease significantly. 
It is therefore important to start with cultures that have as 
high a degree of regeneration capacity as possible. Callus 
which is more than about 3 months and up to about 36 
months of age has been found to have a sufficiently high 
level of regenerability and thus is currently preferred. The 
regenerative capacity of a particular culture may be readily 
determined by transferring samples thereof to regeneration 
medium and monitoring the formation of shoots, roots, and 
- plantlets. The selative number of planticts arising per Petri 

dish or per gram fresh weight of tissue may be used as a 
rough quantitative estimate of reqencration capacity. 
Generally, a culrure which will produce at least one plant per 
gram of callus ussue will be preferred. 

“While maize-callus cultures can be initiated from a 
number of different plant tissues, the cultures useful herein 
are preferably derived from immature maize embryos which 
are removed from the kernels of an ear when the embryos 
are about 1—3 mm in length. This length generally occurs 
about 9—14 days after pollination. Under aseptic conditions, 
the embryos are placed on conventional solid media with the 
embryo axis down (scutellum up). Callus ussue appears 
from the scutellum after several days to a few weeks. After 
the calhis has grown sufficiently, the cell proliferations from 
the scutellum may be evaluated for friable consistency and 
the presence of well-defined embryos. By “friable consis- 
tency” is meant that the tissue is easily dispersed without 
causing injury to the cells. Tissue with this morphology is 
then transferred to fresh media and subcultured on a routine 
basis about every two weeks. 

‘The callus initiation media is solid because callus cannot 
be readily initiated in liquid medium. The iniviation/ 
maintainence media is typically based on the N6 salts of Chu 
et al. (1975) as described in Armstrong et al. (1985) or the 
MS salts of Murashige ct al. (1962). The basal medium is 
supplemented with sucrose and 2,4-dichlorophenoxyacetic 
acid (2,4-D). Supplements such as L-proline and casein 
hydrolysate bave been found to improve the frequency of 


initiation of callus cultures, morphology, and growth. The. 


cultures are generally maintained in the dark, though low 
light levels may also be used. The level of synthetic hormone 
2:4-D, necessary for maintainence and propagation, should 
be generally about 0.3 to 3.0 mg/l. 
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Although successful transformation and regeneration has 
been accomplished herein with {nable embryogenic callus, 
this is nol meant fo imply that other transformable regener- 
able cells, lissue, or organs cannot be employed to produce 
the fertile transgenic plants of this invention. The only actual 
requirement for the cells which are transformed is that after 
transformation they must be capable of regeneration of a 
plant containing the heterologous DNA following the par- 
ticular selection or screening procedure actually used. 

ll. DNA Used for Transformation 

The heterologous DNA used for transformation berein 
may be circular or linear, double-stranded or single- 
stranded. Generally, the DNA is in the form of a plasmid and 
contains coding regions of beneficial heterologous DNA 
with flanking regulatory sequences which serve to promote 
the expression of the heterologous DNA present in the 
resultant corn plant. “Heterologous DNA” is used herein to 
include all synthetically engineered or biologically derived 
DNA which is introduced into a plan! by man by genetic 
engineering, including but not limited to, non-plant genes, 
modified genes, synthetic genes, portions of genes, as well 
as DNA and genes from maize and other plant specics. 

The compositions of and methods for constructing heter- 
ologous DNA for successful transformations of plants is 
well known to those skilled in the art, and the same 
compositions and metbods of construction may be utilized to 
produce the heterologous DNA useful herein. The specific 
composition of the DNA is not central to the present 
invention and the invention is oot dependent upon the 
composition of the specific transforming DNA used. weising 
et al. (1988), the subject matter of which is incorporated 
herein by reference, describes suitable DNA components 
thereof which include promoters, polyadenylation 
sequences, selectable marker genes, reporter genes, 
eohancers, introns, and the like, as well as provides suitable 
references for compositions thereof. Sambrook et al. (1989) 
provides suitable methods of construction. 

Generally the heterologous DNA will be relatively small, 
i.c. less than about 30 kb to minimize any susceptibility to 
physical, chemical, or enzymatic degradation which is 
known to increase as the size of the DNA increases. 

Suitable heterologous DNA for use herein includes all 
DNA which will provide for, or eabance, a beneficial feature 
of the resultant transgenic corn plant. For example, the DNA 
may encode proteins or antisense RNA transcripts in order 
to promote increased food values, higher yields, pest 
resistance, disease resistance, and the like. For example, a 
bacterial dap A gene for increased lysine; Bt-endotoxin gene 
or protease inbibitor for insect resistance; bacterial ESPS 
synthase for resistance to glyphosate herbicide; chitinase or 
glucan endo-1,3-B-glucosidase for fungicidal properties. 
Also, the DNA may be introduced to act as a genetic lool to 
generate mutants and/or assist in the identification, genetic 
lagging, or isolation of segments of com DNA. Additional 
examples may be found in Table 1: 


TABLE 1 


eeesenrrreyanerrrreryngayiyusenmrrititisinasstaititehpesareredarterdmretirtarntet iam in mmr LT EL LETTS NNN RRS NERA HN TTT TT TTT CTT ELeTeRANtCHHRALARHA Rt TREN HN 


Eukervotic genes trensferred to higher planls 


Origin of gros Transferred constructs 


Treasformed species Mode of forcign gene expression 


sasessanarevareerteereeranterorrereeevererrearranamewrint+tttrernetttrtairaminirbhrtestmrentarbc hilt AAbtPt POA PCEH PP earimnfA c s rVArer —TTSTTsrUl PRAHA HHAOOOAPAAPATAIANCAM HAHN LTT errr NOAA rer IN TA ATN Tere 


Animals 


Drosophila heat shock gene 
hsp 70 
Drosophila copia element LIR 


S hsp7G/npill/3" oss 


5° copia/cat 


tobacco (plants, tumors) + Llemperamre-cependent and organ- 
: specific 
rice, wheat and serghum {-} transient, but strong 


(protoplasts) 
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Origin of gene 





firefiy luciferase gens 


Rabbit B-globin gene 

. Human a-globin gene 
Chicken a-actin gene 
Chicken oyalbumin gene 
Niouse metallothionein 
gene (mmt) 


Mousse dihydrofolate reductase 


.gene (DHFR) 
- Human growth hormone 
gene (hgh) 


SV4O carly genes 


HSV thymidine Kinase 
gene (tk) 
‘Adenovirus type 5 EDA gene 


Yeast 





. Yeast ADH 
Plant virus 
cDNA encoding TMV coat 


protein (tobacco mosaic 
virus) 

cDNA encoding AMV ccal 
protein (alfaifa mosaic 
virus) 

cDNAs encoding A- and B- 
component of TGOMV 
(tomato golden mosaic 
virus) 

cDNA encoding CMV 
(cucumber mosaic virus) 
satellite RNA 

Plants 


Bean phascolin genc 


Bean phytohemagglutinin-L 
gene (PHA-L) 

Soybean P-conglycinia gene 
{a subunit) 


Soybean B-conglycinin gene 
(f§ subunit) 
Potato patatin gene 


Maize zein gene 


Wheat glutenin gencs 


Eukarvotic genes transferred to higher plants 





Transferred constructs 


S' CaM 45Sfuciferase 
cDNAJS’ nas 

&' CaMV 19Sfluciferass 
cDNA/3' nos 

3‘ deletion senes 
genomic 

3’ nosfa-globin 
genomic 

genomic 

3 mmiycat 


5* CaMV 35S/DHFR-cDNA! 
3 nos 

3’ CaMV 35S/bgh 

3’ nos/hgh/3" nos 

S CaMV 35S/neh/hek 3 


5 SV40/feat 
5’ CaMV 35S/cav3* SV40 


5S HS V/tk/cat 


5° CaMV 35S/ELAy 
3° BLASS rbcS 


genomic 


5 CaMV 35S/IMVcDNA; 
3 nos 


SY CaMV ISS/AMVcDNA 
5' CaMV 3SS/AMVcDNA/ 
3 nos. 

separate uansformation with 
eilher A- or Becomponeai 
via agroinfection 


5' CaMV 35S/CMVcDNAS 
S nos 


5' ocs/phascohn genomic 
genomic 


§° phaseolin/phaseolin- 
cCDNA/3' phaseolin 

5° phascolin/maize zein/ 
3 phaseolin 

genomic 


genonic 
S* deletion series 


3° CaMV 35S or 195/ 
conglycinin/3’ nos - 


genomic 


5" patatin/eal/3’ nos 
5° ST-LS.1/patatin/3' patatin 


genomic 
5' phaseolin/zein/2’ phaseolin 


3 glutenin/cav3’ pos 


Transformed species 


tabacce (plants} 
carrot {protoplasts} 


tobacco (tumors) 
tobacco (plants) 
tobacco (tumors) 
tobacco (tumors) 
tobacco (qumors) 
Petunia (plants) 
tobacco (plants, tumors) 
tobacco and sunflower 
(tumors) 

tobacco (plants) 


tobacco (tumors) 
tobacco (plants) 


tobaceo (mumers) 


tobacco (ptants} 
tobacco (plants) 
tobacco {plarts) 


tobacco and tomate (plants) 


Petunia (plants) 


tobecco (plants) 


sunflower (tumors) 
tobacce (plants) 


tobaceo (tumors) 


tebacco (plants) 


tobacco (plants) 


Petunia (pients) 


Petunia (plants) 
tobacco and Petunia 
{plants} 


potato (plants) 
tobacco (plants) 


sunflower (tumors) 
tobacco (plants) 


tobacco (plants) 


Mode of foreign gene expression 


~ . 


(+) wansicnt . 


{~) not expressed 
(+) incorrect transcript processing 
{~} not expressed 


{+) incorrect transcript processing 


{~} not expressed 


+ expression confers methotrexate 
resistance 
{+) incorrect transcript processing 


(+) wanscription, but acither 
processing nor transiation 

(+) incorrect transcnpt 
polyadenylation 

(-) not expressed 

(+) incorrect transcript 
polyadenylation 

(~) not expressed 


(+) termination within rbcS, ELA 
polyadenylation site not used 
(-) not expressed 
+ expression confers enhanced 
resistance to TMY infection 


+ expression confers enhanced 
resistance to AMV infection 


+ only A-components in tandem are 


able to replicate 


+ expression confers enhanced 
resistance to CMV infection 


+ expressed and processed correctly 


+ development-specific expression 
in seeds: largeling lo protein 
bodies in endesperm and 
embryos 

+ higher expression than using a 
genomic clone 

+ development-specific zein gene 
expression in tobacco secds. 
Zein accumulation 

+ development-specific expression 
in tobacco secds 

+ development-specific expression 
in Petunia seeds depending on 
3° sequences 

+ constitutive expression: 35S> 
19S; 20 fold clonal variation 

+ development-specific expression 
in seeds 


+ organ-specific expression in tubers 


+ light-reguiated and organ-specific 
expression depending on the 
ST-LS.1 promoter. Correct 
splicing of patalin mRNA. 

(+} transcription, but no detectable 
protein 

+ development-specific expression 
in tobacco seeds 

+ devcelopment-specific expression 
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Origin of gene 


fukarvotic genes transferred to higher olants 


Transferred constructs 


Transformed species 


. Mode of foreign gene expression 





Wheat chlorophyll a/>-binding 
protein (cab) gene 


. Pea cab gcaoc 


Petunia cab gene 


‘Arabidopsis cab gene 


Pea ribulose 15- 
Bisphosphate carboxylase 
small 

subunit gene (rocS)} E9 


Pea rocS 3.6 


Pea rbcS 3A, 3C 
Pea rbcS 3A, ES 
Soybean rbcS 


Soybean, pea and Petunia rbcS 


Nicotiana plumbaginifolia 
rheS 8B 


Wheat rbcS 


Potato ST-LS.1 gene 


Petroselinum ard Antirrhinum 
chalcone synthase genes 
. (cbs) 


genomic 


genomic 

3° cab/eat 

‘ cab/5' CaM 33S/cat’ 
rbocS 

deletion seres 

* cab/apull 

* cab/S" nes/nptll 


tn Uy ta up tn 


cab/ocs 
cab/nes 


Uy 1 


5' cab/eat 
genomic 

5' rbcS/eal 

5‘ deletion scnes 
genomic 

5° deletion senses 
5" rbecS/eal/3’ nos 


5’ deletion series 


3 rbeS/rbcS transit sequence/ 
npill 


S rbeS/aptll 


genomic 


‘abcS/5" CaMV 35S/cat 
deletion senes 


un in 


* rbeSfnpill 3" ocs 
rbcS/nes 
rbcS/npul/3" nos 


tA tA ha 


tA 


‘ rhcS/spull/3’ nos 


TA 


* sbeS/eat 


genomic 
S* CaMV 35S/rbcS/3' rbeS 


genomic; modified by exon 
tagging 


5' ST-LS.1/patatin/3' patatin 


5* chs(A)/nptlly/3’ chs(P) 
S' deletion senes 


Petunia and tobacco 
plants 
tobacco (plants) 


tobacco (plants) 


Petunia and tobacco 
(clants} 


tobacco (plants} 


Petunia (mumers} 


Petunia and tebacce 
(plants) 


tobacce (tumors) 


tobacco {tumors and plants) 


tobacco (plants) 


Petunia (plants) 


Petunia and tobacco 
(plants) 


soybean (tumors) 
Kalanchoe (tumors) 
Petunia (plants) 
tomato {plants} 


tobacco and Petunia 
(plants) 


tobacco (plaats) 


potato and tobacco 


(plants) 


tobacco (plan's) 


tobacco (plants) 


-_ 


~ 


in iobacco seeds 
light-regulated and oxgan-specific 
expression in leaves 


+ phytochrome-regulated expression 


in leaves depending on 3° 
sequences 


hight-regulated, orgam-and ccll- 
specific expression, depending 
on enhancer/silencer-like 5, 
sequcness. Lnvelvement of 
phytochrome. Correlation to 


‘ the presence of chloroplasts. 


+ 


(+) 


+ 


clonal variation of expression 
(200 fold) independent of copy 
number and bomo-/ 
helerologous host genome: 
light-regulated and organ-specific 
ession . 
light-regulated expression 
dependent on 3° sequences 


lighl-regulated and organ-specific 
expression dependent on 5° 
sequences: 23-fold clonal 
vanation 

light-regulated expression 
dependent on enhancer-like 5 
sequences 

light-regulated expression end 
targeting of neomycin 
phosphotransferase into 
chloroplasts; analysis of signal 
sequences 

light-regulated, organ- and cell- 
specific expression. 

Ievolvement of a blue-light 
receptor 

regulation of transcription by 
phyltochrome- and/or blue-light 
receptor depending on the 
developmental state 
light-reguiated and organ-specific 
expression depending on 
enhancer and silencer-like 3° 
sequences 

light-regulated expression 
light-regulated expression 
light-regulated expression 
mediated by phytochrome 
expression stronger than directed 
by nos-promoter 

light-regulated and organ-specific 
expression; 3-fold clonal 
warialion independent of 

homo-/ heterologous host 
genome 

no expression under the control of 
wheat promoter, CaMV 35S 
promoter is necessary 
light-regulated and organ-specific 
expression depending on the 
presence of chloroplests and 3° 
sequences. Clonal variation 
parallels copy number, but is 
independent of home-/ 
heterologous host. 
light-regulated and organ-specific 
expression depending on the 
STE-L1 promoter sequences 
UV-B-light-regulated expression 
dependent on erhancer-like S' 
sequences 
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TABLE i-continued 





Fukarvolic genes transferred to highes plants 


Onegin of gene 


Transferred constructs 


Trensfommed species 


Mode of foreign pene expression 





potato proteinase inhibitor genomic tobacco (plants) + wound-inducible expression 
gene (PL I) S PL D/cava' T-DNA gerne 6b depending on 3’ and 3’ 
S* PE H/cay>" PLU sequences; systemic spreading 
by transacting facters 
Soybean heat shock gene genomic sunflower (tumors) aad + temperature-regulated expression 
hs 6873 S' deletion senes tobacco (piasts) depending on 5° sequences 
Soybean heat shock gene genomuc sunflower (rumors) + expression regulated by 
Gmbsp 17.5E S' deletion senes temperature and presence of 
cadmium and arsenite 
depending on 3° sequences 
Maize. beat shock gene hsp70 =. genomic Petunia (plants) + temperature-regulated expression 
Maize aloohel dehydrogenase | 5° CaMV 35S/cevAdhl iatron/ tobaceo (plants) {+} maize Adhl intron is not removed 
gene (AdhD) 3 rbcS from the uanscript 
5' Adbl cat tobacco (plants) and maize = (+) _ anaerobically inducible cat- 
3° ocs/S’ Adbl/cat (protoplasts) expression dependent on 3° 
5° CaMV 35S/S' AdhUcat Adhl sequences only if 
3' AdhI deletion series additicnal CaMV- or ocs- 
promoter/enhancer sequences 
aie present, 
Maize sucrose synthase gere 5" ssfopull/3' ocs wheat (protoplasts) (+) transient expression 
3 ssfaptll maize (protoplasts) (+) iransicnt expression suspension- 
culture derived but rot in lezi- 
derived protoplasts 
Soybean f-tubulin gene genomic tobacco (plants) + 
cowpea trypsin inhibitor gene = 3° CaMV 35S/CpTY3" nos tohacco (plants) + expression enhances resistances to 
CpTi) insect pests 
Petunia EPSP synthase gene 3° CaMV 35S/EPSP/3' nos Perania (plants) + 35S-directed EPSP overproduction 
confers glyphosate tolerance 
Ss’ T7-T-DNA/Petunia EPSP tobacco (plants) + expression of bacterial EPSP; 
transit sequesce/bacterial targeting into chloroplasts; 
EPSP (aroA) coding glyphosate tclerance 
region 
Scybean leghemoglabin gene genomic tobacee (plants) a.d. 
Ibe3 
: 3* lbe3/cay3' Ibe3 Lotus corniculstus (plants) + development-specific and 
inducible expression only in 
podules and only after 
infection by Rhizobium; 
dependence on 5° regulatory 
sequences 
Nicatiane plumbaginifolia 5 insert 7/5" nos/npell tabacco (plaats) + transient proloplast-specific 
“insert 7° exhancer-like overexpression of nptll 
sequence 
Nicotiana plumbeginifolia S' CaMY 35S/atp2-1 signal tobacco (plants) + cat enzyme is Latgeted into 


ATP synthase gene (atp2- 


sequence/cat 


mitochondria 





1} B subunit 

Maize transposable elements Ac or Ds withio borders of iobacco (uimors and shoots) + Ac is capable of self-catalyzed 
Ac and Ds waxy locus transposilion 

Abbreviations: 


copia LTR ~ long terminal repeat of copia laansposable element 


HSV - Herpes simplex virus 


Adh - alcohol dehydrogenase gene 

ST-LS 1 - Solanum ruberosum leaf/stem-specific gene 

EPSP - § -enolpyruvylshikimate-3-phosphate (gene) 

tbe3 - member of the leghemoglobin gene family 

Ac, Ds - maize transposable elements (activator, dissociztion) 


rbcS - ribulose-] 5-bisphesphate carboxylase small subunit gene 


cab - chlorophyl a/b binding protein gene 
npidl - neomycin phosphotransferase H gene 


ocs - octopine synthase pene 
nos ~ nopaline synthase gene 


cat - chloramphenicol acetyltransferase gene 
CaMV 35S, 19S - cauliflower mossic virus genes encoding 35S and 195-trenscript, spectively 
genomic - transferred construct contains the entire gene including 5’ and 3 regions 


Mode of expression: 


+ > correct expression of stably integrated gene 
(+) - ansient expression, or transcription followed by incorrect processing and/or translatioa 


(-) - gene is nol transcribed 


The heterologous DNA to. be introduced into the plant 


of transformed cells. Alternatively, the selectable marker 
may be carried on a separate piece of DNA and used in a 
cotransformation procedure. Both sclectable markers and 


further will gencrally contain either a selectable marker ora 
reporter gence or both to facilitate identification and selection 


